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Introduction
Onion (Allium cepa L.) is one of the most popular veg-
etables in the world, and fi nds widespread usage in both 
fresh and dried forms. It contains vitamin B and traces of 
vitamin C, iron and calcium. The most distinctive charac-
teristic of onion is its pungency, which is due to allyl-pro-
pyl disulphide. Onions compared with other fresh vege-
tables have relatively high heat energy value, intermediate 
protein content and are rich in calcium and ribofl avin. 
Dried onions are of considerable importance in world 
trade and are made in several forms: fl aked, minced, 
chopped and powdered. It is also used as a fl avour addi-
tive in a wide variety of food formulations (1).
The existing hot air drying methods for onions are 
costly and cause considerable shrinkage due to cellular 
collapse following the loss of water, poor rehydration 
characteristics of the dehydrated product and undesir-
able changes in colour, texture, fl avour and nutritive val-
ue. New and innovative techniques like microwave-as-
sisted (2) and heat pump-assisted convective drying (3,4), 
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Summary
Experiments were conducted on dry untreated onion shreds (2 mm thickness) or treat-
ed with salt (5 % solution) and potassium metabisulphite (0.5 % solution) in convective 
drier at 50 °C ((46±4) % relative humidity (RH)), 55 °C ((35±4) % RH), 60 °C ((28±4) % RH) 
and 65 °C ((20±4) % RH), heat pump-assisted convective drier at 35 °C ((32±2) % RH), 40 °C 
((26±2) % RH), 45 °C ((19±2) % RH) and 50 °C ((15±2) % RH) and microwave-assisted con-
vective drier at four microwave power levels, i.e. 120, 240, 360 and 480 W. The quality pa-
rameters of the dried onion shreds, namely rehydration ratio, colour diff erence, pyruvic 
and ascorbic acid contents and sensory scores were evaluated. The quality of dehydrated 
onion shreds was observed to be comparatively be er when treated in heat pump drier at 
50 °C, followed by that in microwave-assisted convective drier at 240 W and 50 °C, and last 
in convective drier at 60 °C. The onion shreds pretreated with potassium metabisulphite 
retained be er colour of the dried product irrespective of drying methods. Therefore, heat 
pump drying may be recommended as one of the best drying methods for onion shreds, 
because it maintains the fi nal product quality, which has practical importance for the food 
industry.
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which increase the drying rates and enhance dried onion 
quality, are receiving considerable a ention. Microwave 
drying is now gaining popularity because of its inherent 
advantages over conventional heating such as reduced 
drying time and lower energy consumption of biological 
material without quality loss (5,6). Heat pump-assisted 
convective drying is known to be more energy effi  cient 
than traditional convective drying operations. Most of the 
research studies infer that the heat pump-assisted convec-
tive drying off ers products of be er quality with reduced 
energy consumption (7).
Agricultural products and foodstuff s are commonly 
pretreated prior to industrial drying to speed up the dry-
ing process and preserve the quality of the product. Le-
wicki et al. (8) found that both variety and pretreatment 
aff ect the course and rate of drying. Drying time of onion 
could be reduced to less than half by introducing an hour 
of osmotic dehydration in a salt solution, which also pre-
serves its colour (9). The drying rates could be improved 
by pretreatments like blanching and dipping the fruits in 
chemicals before drying (10–13). Pretreatments reduced 
the drying time and yielded a good quality dried product. 
Potassium metabisulphite is most commonly and com-
mercially used for pretreatment, because it prevents en-
zymatic browning of fruits and increases the permeability 
of water (12).
Farag et al. (14) subjected sliced onions to various 
treatments in order to inhibit enzymatic browning. All 
applied treatments reduced ascorbic acid by 50 % due to 
leaching and volatile sulphur compounds more than 30 
%. Raj et al. (15) observed signifi cant diff erences in the re-
tention of moisture, reducing sugars, non-reducing sug-
ars, ascorbic acid, acidity, rehydration ratio and overall 
acceptability of dried onion rings pretreated with potas-
sium metabisulphite (2.5 g/L of solution) during storage. 
Tsamo et al. (16) stated that osmotically dehydrated onion 
slices in sugar (600 g/L), salt (300 g/L) or mixed salt and 
sugar (45:15 by mass) solutions for 15 min followed by 
convective drying with air at 60 °C increased the drying 
rate and moisture diff usitivity. Baroni and Hubinger (17) 
also studied air drying of fresh and osmotically pretreat-
ed onion slices for 60 min at 40, 50 and 60 °C and observed 
faster drying rate of samples soaked in 10 % NaCl solu-
tion. Recently, Bebar a et al. (18) suggested drying the 
2-mm onion slices under fl uidized bed at 60 °C and air 
velocity of 4 m/s to obtain a be er quality product with 
savings in drying time.
Onion is a heat-sensitive crop requiring suitable de-
hydration process to preserve its organoleptic characteris-
tics. Novel dehydration techniques and pretreatments 
may be used for onion drying to obtain a product with 
minimal change in physical, biochemical, nutritional and 
sensory a ributes of high consumer acceptance. Litera-
ture review revealed that the research on onion dehydra-
tion is unsystematic. There is a need to study the feasibil-
ity of drying onion with diff erent drying methods and 
pretreatments to get the best quality. Keeping this in view, 
the present work has been undertaken to study the eff ects 
of pretreatments and diff erent drying methods on the 
quality of dehydrated onion shreds. Also, comparative 
quality evaluation of dehydrated onion shreds obtained 
by diff erent drying methods has been undertaken.
Materials and Methods
Drying equipment
Three laboratory-scale driers, namely hot air drier, 
heat pump-assisted convective drier and microwave-as-
sisted convective drier were used for thin layer drying of 
onion shreds. The laboratory atmospheric batch-type tray 
drier (model TD-12; Indian Instruments and Chemicals, 
Ambala, India) consisted of an insulated drying chamber 
with trays, fan, electrical heater and digital temperature 
indicator-cum-controller to maintain the desired drying 
air temperature with ±0.1 °C accuracy.
The heat pump-assisted convective drier (Fig. 1), 
which was developed for laboratory drying experiments, 
discussed elsewhere (19), consists of heat pump unit 
(evaporator, compressor, condenser and expansion de-
vice) and drying chamber with trays. The drier was oper-
ated with R22 (DuPont™ Freon® 22, DuPont Fluorochem-
icals, Wilmington, DE, USA) refrigerant and fi  ed with a 
1-kW compressor to operate the heat pump. A fi n heater is 
also connected in the air path for additional heating (19).
The microwave-assisted convective drier was devel-
oped using a domestic microwave oven (LG Intellowave 
3850002GO31A, LG Electronics, New Delhi, India). The 
back of the oven just above the turntable was cut open 
and coupled with the air heating unit to supply air at de-
sired temperature (20). In all cases the air fl ow was diago-
nal to the material on the trays and the air velocity was 2 
m/s (Fig. 2).
Raw material and sample preparation
Onion, cv. Nasik Red, purchased from a local vegeta-
ble market, Bhubaneswar, India, was used for the experi-
ments. The bulbs were graded on the basis of size, and 
those of 50–60 mm in diameter without visible damage 
were chosen for the experiments. The selected onion sam-
ples were cleaned, hand peeled and trimmed. These were 
sliced to 2-mm thick shreds using stainless steel knives 
and the shreds were separated to single pieces of length 
of 15 to 20 mm. During slicing and shredding of onion, 
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Fig. 1. Schematic diagram of heat pump drier confi guration 
with air and refrigerant circuit
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Onion shreds were divided into three lots, one lot 
was pretreated with 5 % salt solution for 1 h with a con-
stant solid-to-liquid ratio of 1:4 at room temperature 
((30±1) °C), second lot was sulphited with 0.5 % potassi-
um metabisulphite (Central Drug House (P) Ltd., New 
Delhi, India) solution for 10 min and the third lot, without 
any pretreatment, was used as control (21). The water ad-
hering to the surfaces of strained pretreated samples was 
removed with tissue paper prior to drying.
Drying procedure
About 4.2 kg/m2 of untreated and pretreated onion 
shreds were spread uniformly in thin layers on the drying 
trays (0.6×0.8 m2) for all the drying methods. The details 
of drying methods used for the study were as follows: (i) 
hot air drying at four air temperatures with correspond-
ing relative humidity (RH), viz. 50 °C (46 % RH), 55 °C (35 
% RH), 60 °C (28 % RH) and 65 °C (20 % RH); (ii) heat 
pump drying at four air temperatures with correspond-
ing relative humidity, viz. 35 °C (32 % RH), 40 °C (26 % 
RH), 45 °C (19 % RH) and 50 °C (15 % RH); and (iii) mi-
crowave-assisted convective drying at four microwave 
power levels, i.e. 120, 240, 360 and 480 W at 50 °C.
All experiments were done at a constant air velocity 
of 2 m/s. The changes in the mass of the samples were 
measured at predetermined time intervals until constant 
mass was a ained. Dehydrated shreds were packed 
quickly in polyethylene bags and stored in desiccators for 
further analysis.
Quality evaluation of dried onion shreds
Moisture content
The moisture content of the onion samples was mea-
sured gravimetrically by hot air oven drying method (22). 
A mass of 20–30 g of sliced samples (in three replications) 
was kept in the oven at 70 °C for 72 h. Average initial 
moisture content of control onion samples was found to 
be (730±7) % (on dry basis). The reproducibility of the ini-
tial moisture content measurements was within the range 
of ±5 %.
Rehydration
The rehydration characteristics of the dehydrated on-
ion shreds were studied in terms of the rehydration ratio. 
Rehydration ratios of dehydrated onion shreds were de-
termined by the methods suggested by Ranganna (23). 
The time of soaking was initially standardized by soaking 
2 g of dehydrated onion slices in 100 mL of distilled water 
maintained at (31±1) °C. A er every 15 min, the sample 
was taken out and put in Büchner funnel which was fi  ed 
with a coarsely porous Whatman No. 4 (GE Healthcare 
Life Sciences, Li le Chalfont, UK) fi lter paper. A gentle 
suction was applied to drain the excess water. Any trace 
of surface moisture was then removed with the help of a 
tissue paper and then the samples were weighed. The 
process was continued until a constant reading was ob-
tained. It was observed that the mass of sample was equil-
ibrated a er 3 h, which was subsequently used for studies 
on rehydration quality of onion samples. All samples 
were weighed under the same conditions. All measure-
ments were carried out in triplicate, and the rehydration 
ratio was expressed as the ratio of mass a er rehydration 
to the mass before the rehydration of the sample:
 Rehydration ratio=mr/md /1/
where mr is the drained mass (in g) of the rehydrated 
sample, and md is the mass (in g) of the dry sample used 
for rehydration.
Ascorbic acid content
Ascorbic acid content of the fresh and dehydrated 
onion shreds was estimated using titration method sug-
gested by Ranganna (23) based on the reduction of 2,6-di-
chlorophenol indophenol dye (Sigma-Aldrich, St. Louis, 
MO, USA) by ascorbic acid and was expressed in mg per 
100 g of fresh mass.
Pungency
Pungency was measured by determining the pyruvic 
acid concentration using the method of Schwimmer and 
Weston (24). Onion pungency is caused by a number of 
volatile sulphur compounds. These compounds are pro-
duced when the onion cell is mechanically disrupted, 
bringing the enzyme alliinase present in the cell cyto-
plasm into contact with the fl avour precursors, S-alk(en)
yl--cysteine sulphoxides. In addition to producing vo-
latile sulphur compounds, the enzymatic breakdown of 
the S-alk(en)yl--cysteine sulphoxides also produces stoi-
chiometric amounts of ammonia and pyruvic acid. The 
amount of pyruvic acid generated enzymatically upon 
homogenization of onion in a blender is thus a good mea-
sure of the action of the alliinase on the fl avour precursors 
and has been shown to be correlated with perceived on-
ion pungency (24). This enzymatically produced pyruvic 
acid is the commonly accepted measure of onion pungen-
cy. It is, however, only an indicator of pungency as pyru-
vate and does not directly contribute to onion fl avour. In 
order to determine the amount of enzymatically derived 
pyruvic acid, a correction for the endogenous, non-enzy-
matically derived pyruvic acid should be made. The 
amount of enzymatically produced pyruvic acid was esti-
mated by the modifi ed Schwimmer and Weston method 
as recommend by Anthon and Barret (25). For pyruvic 
acid determination, 10 mL of distilled water were added 
to 10 g of dehydrated onion sample and homogenised 
manually with a mortar and pestle. The homogenate was 








Fig. 2. Schematic diagram of microwave-assisted convective 
drier
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lowed by fi ltering with fi lter paper. A volume of 2.5 mL of 
clarifi ed onion fi ltrate was taken, 1.0 mL of water and 1.0 
mL of 0.25 g/L of 2,4-dinitrophenylhydrazine (DNPH) in 
1 M HCl were added and the samples were incubated in a 
water bath at 37 °C for 10 min. A er removal from the 
water bath, 1.0 mL of 1.5 M NaOH was added. The absor-
bance of the developed colour was measured at 515 nm in 
a spectrophotometer (model 106, Systronics, Ahmedabad, 
Gujarat, India).
Colour evaluation
Surface colour of dried onion shreds was evaluated 
using a HunterLab colourimeter (ColourFlex, Hunter As-
sociates Laboratory, Inc., Reston, VA, USA) equipped 
with a 12-mm measuring head. Colour was measured us-
ing the CIE L*, a*, b* scale and illuminant D65. The instru-
ment was calibrated with black and white reference tiles 
through the tristimulus values X, Y and Z, taking as stan-
dard values those of the white background (X=79.01; 
Y=83.96; Z=86.76) tile. Colour values were expressed as L 
(whiteness or brightness/darkness), a (redness/greenness) 
and b (yellowness/blueness) at any time. Since the dried 
onion shreds did not cover the entire surface area, they 
were scanned at three diff erent locations to determine the 
average L*, a* and b* values during the measurements. 
Numerical values of L*, a* and b* were considered for the 
evaluation of colour modifi cation of the product. In addi-
tion, the colour diff erence (ΔE) was calculated from the 
Hunter L*, a*, b* scale and used to describe the colour 
change during drying (26):
  
 /2/ 
where L*0 , a*0 and b*0 are the initial colour measurements of 
fresh samples, and L*t , a*t and b*t are the colour measure-
ments at prespecifi ed time.
Sensory analysis
A semi-trained panel of 15 members evaluated the 
colour, appearance, texture, fl avour, taste and overall ac-
ceptability of the products on a nine-point hedonic scale. 
The panellists were unaware of the project objectives. 
Samples were coded with three-digit random numbers 
and then served. Panelists were provided with a glass of 
water, and were instructed to rinse and swallow water be-
tween samples. They were given wri en instructions and 
asked to evaluate the overall acceptability of the products 
based on their appearance, texture, taste and colour using 
a nine-point hedonic scale (1=dislike extremely to 9=like 
extremely) (27).
Statistical analysis
The obtained results were subjected to analysis of 
variance (ANOVA) using SPSS v. 10.0 so ware (IBM Cor-
poration, Armonk, NY, USA). The mean values obtained 
from each set were compared using Duncan’s multiple 
range test based on a complete randomized design (at 0.05 
confi dence level).
Results and Discussion
Eff ects of drying methods on the quality of dried onion 
shreds
Hot air-dried samples
The quality parameters of hot air-dried onion shreds 
are given in Table 1. Air temperature used for drying was 
found to have signifi cant eff ect on quality parameters of 
dried onion shreds. The rehydration ratio of the sample 
dried at 50 °C was 4.76±0.52 and it decreased (8 %) to 
4.09±0.42 when the sample was dried at 65 °C. The rehydra-
tion ratio of onion shreds dried at 65 °C was less (11.5 %) 
than that of dried at 60 °C, which might be caused by hard-
ening of the surface due to fast initial drying at higher tem-
perature. There was no signifi cant variation in the rehydra-
tion ratio of samples dried at 50 to 60 °C. Similar results 
were observed by Maskan (28,29) for banana and kiwi fruit.
Product colour is an important quality parameter 
that needs to be maintained during onion drying. The co-
lour change increased from 12.04±1.21 to 17.14±1.32 with 
increasing air temperature used for drying from 50 to 65 
°C (Table 1). The changes of colour could be a ributed to 
the Maillard browning reactions that took place during 
the drying process (30). Temperature of 65 °C used for 
drying adversely infl uenced the colour of dried onion. 
Browning was observed to be more severe at the end of 
the drying period, when the moisture level was low and 
less evaporative cooling took place, which caused the in-
crease in product temperature. It is evident that drying at 
higher temperature resulted in greater colour change. 
Hence browning could be minimized by reducing the 
drying temperature. Arslan and Özcan (31) reported that 
the drying temperature exerted a pronounced eff ect on 
the colour changes of shredded onion. Kumar et al. (32) 
also mentioned that enzymatic browning reactions were 
accelerated by increasing the temperature, which led to 
discoloration. In the present experiment a signifi cant 
change in colour was observed only at 65 °C, which con-
fi rmed the report by Lewicki et al. (33) that browning of 
onion dried at the temperature higher than 60 °C took 
place mainly in the fi nal stages of the process.
( ) ( ) ( )2 2 20 t 0 t 0 t* * * * * *∆ = − + − + −E L L a a b b









50 6.31±0.15 4.76±0.52 12.04±1.21 50.77±2.02 21.00±1.51
55 6.46±0.12 4.71±0.35 13.29±1.02 49.65±2.30 20.66±1.42
60 6.55±0.21 4.62±0.46 13.53±0.91 48.93±1.59 19.95±1.56
65 6.62±0.61 4.09±0.42 17.14±1.32 43.14±1.68 17.82±1.26
DR=dehydration ratio, RR=rehydration ratio, ΔE=colour diff erence
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Pyruvic and ascorbic acid contents decreased with 
the increase in drying air temperature and the rate of de-
crease was observed to be signifi cantly greater at 65 °C 
(Table 1). Pyruvic acid amount decreased from (50.77±2.02) 
to (43.14±1.68) µmol/g (by 15 %), while that of ascorbic 
acid decreased from (21.00±1.51) to (17.82±1.26) mg per 
100 g (by 15.14 %) with the increase of temperature from 
50 to 65 °C. Adam et al. (30) also reported the loss of pyru-
vic and ascorbic acids during drying at higher tempera-
ture. This is because most of the volatile fl avour compo-
nents have low boiling points and ascorbic acid is known 
to be temperature dependent.
The mean sensory score of hot air-dried onion shreds 
is given in Table 2. The scores of all the sensory a ributes 
except colour did not vary signifi cantly with the drying 
temperature range under study. It was observed that 
there was no signifi cant variation in sensory scores of 
samples dried at 50, 55 and 60 °C, whereas colour, fl avour 
and overall acceptability of samples dried at 65 °C varied 
signifi cantly. Due to shorter drying time requirement and 
non-signifi cant reduction in quality parameters, it is rec-
ommended to dry onion shreds in hot air drier at 60 °C to 
obtain a fi nished product of acceptable quality.
Samples dried in heat pump-assisted convective drier
The quality parameters of onion shreds dried in heat 
pump-assisted convective drier are given in Table 3. Dry-
ing temperature had a signifi cant eff ect on rehydration 
ratio, colour change, pyruvic and ascorbic acid contents, 
whereas dehydration ratio did not vary signifi cantly. It 
was found that dehydration and rehydration ratios in-
creased by 33.92 and 19.9 %, respectively, with the in-
crease in air temperature from 35 to 50 °C. This might be 
due to lower equilibrium moisture content of the samples 
dried at higher temperature and lower relative humidity. 
Besides, drying at up to 50 °C does not aff ect the cell 
structure, which promotes more water uptake during re-
hydration.
The surface colour change was found to be highest 
(10.25±0.65) at 35 °C, which is probably due to longer dry-
ing time of the sample. However, there was not much 
variation in the colour change of samples dried at 40 to 50 
°C in heat pump-assisted convective drier.
In the fresh onion, the -ascorbic and pyruvic acid 
contents amounted to 27.21 mg per 100 g and 66.30 µmol/g, 
respectively. Drying temperature of 35 °C adversely infl u-
enced the retention of pyruvic and ascorbic acids. These 
were observed to be lower in the samples dried in a heat 
pump-assisted convective drier. Sarsavadia (34) reported 
that during longer drying period the product was ex-
posed to the atmospheric oxygen, which has an adverse 
eff ect on some quality aspects like reduction in ascorbic 
acid in the fi nal product. Adam et al. (30) also found that 
longer drying resulted in the decrease of pyruvate and 
ascorbic acid contents. The retention of pyruvic and 
ascorbic acids was relatively higher in samples dried at 45 
and 50 °C. Since there was no signifi cant variation in these 
values and samples dried at 50 °C took less time, it may 
be recommended to dry samples at 50 °C in heat pump- 
-assisted convective drier.
Sensory evaluation of fi nal products is shown in Ta-
ble 4. The colour and overall acceptability of onion shreds 
dried at 50 °C was be er, while the colour, fl avour and 
overall acceptability score varied signifi cantly in the sam-
ples dried at 35 °C. This might be due to longer drying 
time that aff ected the product quality.
Microwave-assisted convective air dried sample
The quality parameters of onion shreds dried in mi-
crowave-assisted convective drier are given in Table 5. 
The dehydration ratio increased from 6.34±0.12 to 6.71±0.34 




Colour Texture Flavour Taste Overallacceptability
Fresh sample 8.71±0.24 8.53±0.62 8.84±0.45 8.62±0.64 8.82±0.42
 50 7.64±0.35 8.14±0.54 7.21±0.75 7.12±0.48 7.31±0.46
55 7.43±0.26 7.91±0.53 7.26±0.36 7.07±0.35 7.24±0.53
60 7.32±0.42 8.02±0.46 7.13±0.48 7.04±0.43 7.37±0.58
65 6.54±0.52 7.75±0.35 6.42±0.37 6.86±0.37 6.75±0.64









35 5.07±0.52 4.32±0.35 10.25±0.65 46.48±0.82 17.26±0.48
40 5.28±0.35 4.71±0.38 09.84±0.42 51.43±0.58 19.84±0.59
45 6.05±0.42 5.03±0.46 10.03±0.55 57.12±0.76 22.41±0.78
50 6.79±0.63 5.18±0.56 10.21±0.32 56.23±0.49 22.30±0.53
DR=dehydration ratio, RR=rehydration ratio, ΔE=colour diff erence
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with the increase in microwave power level and drying 
temperature. The rehydration ratio was observed to be 
lower (4.76±0.45) at higher microwave power (480 W) and 
drying temperature (50 °C) compared to 5.12±0.21 at 210 
W and 50 °C. This may be due to rapid drying. However, 
at lower microwave power and drying temperature, the 
diff erence was not signifi cant. Maskan (28,29) also report-
ed similar results for banana and kiwi fruit.
Microwave drying at higher power level (480 W) 
showed greater colour change (25.91±0.42) with higher 
redness on the edges of the samples (Table 5), which af-
fected the total colour change value. Browning of dried 
onion in convective drying assisted with microwave is 
also reported by Lewicki et al. (33). The colour change at 
higher microwave power level was observed to be great-
er, which might be caused by the fact that the energy de-
livered by the microwaves increased the temperature of 
the product above the temperature of the drying air. Since 
the non-enzymatic browning is temperature dependent, 
higher microwave power caused more browning (35).
Pyruvic and ascorbic acid contents decreased by 
24.84 and 18.27 %, respectively, with the increase of mi-
crowave power level from 120 to 480 W at 50 °C. Yong-
sawatdigul and Gunasekaran (36) also reported quality 
loss of foods during drying with the continuous applica-
tion of microwave energy. It was observed that drying of 
onion shreds at microwave power levels of 120 and 240 W 
could retain substantial amount of quality a ributes as 
compared to other combinations.
Sensory scores were observed to decrease with the in-
crease in microwave power level (Table 6). As there was 
no signifi cant variation in sensory scores of samples dried 
at 120 and 240 W, and drying at 240 W took less time, it 
may be recommended to dry onion shreds at 240 W and 
50 °C in microwave-assisted hot air drier.
Eff ects of pretreatments on quality of dried onion 
shreds
It was observed that dehydration and rehydration ra-
tios of salt-treated samples were lower and of sulphited 
samples higher compared to the untreated ones (Table 7). 
Although a change in all the quality characteristics was 
observed among the treated and untreated samples, the 
changes did not show defi nite pa ern of signifi cance lev-
el. However, pyruvic and ascorbic acid contents did not 




Colour Texture Flavour Taste Overallacceptability
Fresh sample 8.72±0.32 8.54±0.23 8.82±0.33 8.64±0.49 8.82±0.57
35 7.51±0.45 7.91±0.41 7.04±0.56 7.42±0.52 7.13±0.75
40 7.93±0.36 8.15±0.69 7.32±0.48 7.31±0.46 7.42±0.46
45 8.14±0.47 8.26±0.72 7.61±0.34 7.13±0.31 7.64±0.43
50 8.26±0.43 8.45±0.46 7.53±0.21 7.24±0.39 7.72±0.34









120 6.34±0.12 4.98±0.42 14.98±0.37 52.06±0.72 20.20±0.45
240 6.45±0.25 5.12±0.21 16.00±0.59 50.24±0.76 19.85±0.72
360 6.62±0.14 5.03±0.36 20.16±0.61 45.56±0.81 18.26±0.51
480 6.71±0.34 4.76±0.45 25.91±0.42 39.13±0.59 16.51±0.56
DR=dehydration ratio, RR=rehydration ratio, ΔE=colour diff erence
Table 6. Mean sensory scores of onion shreds dried in microwave-assisted convective drier at diff erent microwave (MW) power lev-
els and 50 °C
MW power level
W
Colour Texture Flavour Taste Overallacceptability
Fresh sample 8.72±0.53 8.52±0.51 8.82±0.32 8.64±0.22 8.82±0.24
120 7.04±0.42 7.92±0.47 7.35±0.35 7.32±0.41 7.34±0.43
240 6.82±0.46 8.03±0.36 7.24±0.47 7.31±0.35 7.42±0.37
360 6.23±0.34 7.84±0.35 6.95±0.21 7.16±0.19 6.91±0.44
480 5.16±0.25 7.52±0.41 6.22±0.33 6.82±0.38 6.32±0.51
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follow a specifi c trend with pretreatment, which might be 
due to leaching loss during the treatment with a solution. 
The colour change was lower in sulphited samples, giv-
ing a light coloured product, probably due to the leaching 
of reducing sugar during initial pretreatment, which was 
responsible for the browning reaction (8). The colour 
change was observed to be higher in salt-treated samples. 
Although the texture of the untreated sample was well 
maintained, colour change was observed to be highest. 
Therefore, samples pretreated with potassium metabisul-
phite were found to be the best in terms of less colour 
change and higher rehydration ratio even though the con-
tents of pyruvic and ascorbic acids were observed to be 
higher in the untreated samples.
Among the sensory parameters, the colour score was 
observed to be higher in sulphited samples, whereas the 
texture, fl avour and taste scores were higher in untreated 
samples under all the drying conditions (Table 8). As co-
lour is an important parameter for judging the quality of 
dehydrated onion, sulphiting of the samples is recom-
mended to maintain the colour of dried product.
Conclusions
Temperatures of 60 °C in hot air drier and 50 °C in 
heat pump-assisted convective drier were recommended 
for drying of onion shreds to maintain the desired quality 
parameters. Heat pump-assisted convective drying gave 
be er quality product with higher retention of pyruvic 
and ascorbic acids as compared to hot air drying at 50 °C. 
Drying at 240 W and 50 °C resulted in be er quality prod-
uct as compared to other microwave power levels. Within 
the experimental range the quality of dehydrated onion 
was observed to be the best in heat pump-assisted con-






Hot air drying at 60 °C
Untreated 6.55±0.53 4.82±0.13 13.53±0.37 48.93±0.77 19.95±0.53
Salt-treated 6.13±0.59 4.56±0.25 12.76±0.49 45.28±0.78 17.23±0.58
Sulphited 7.43±0.37 5.01±0.39   9.80±0.38 46.52±0.69 18.45±0.75
Heat pump drying at 50 °C
Untreated 6.79±0.19 5.18±0.37 10.21±0.53 56.23±0.19 22.30±0.29
Salt-treated 6.20±0.27 4.86±0.22   9.77±0.35 53.98±0.37 21.18±0.23
Sulphited 7.54±0.23 5.25±0.38   8.93±0.37 54.66±0.49 21.65±0.33
Microwave-assisted drying at 240 W and 50 °C
Untreated 6.45±0.23 5.12±0.26 16.00±0.83 50.24±0.63 19.85±0.53
Salt-treated 6.34±0.28 4.98±0.22 13.70±0.72 48.45±0.72 19.81±0.55
Sulphited 6.62±0.31 5.20±0.37 11.73±0.68 48.82±0.86 19.99±0.61
DR=dehydration ratio, RR=rehydration ratio, ΔE=colour diff erence
Table 8. Eff ects of pretreatments on mean sensory scores of onion shreds dried under diff erent drying conditions
Colour Texture Flavour Taste Overallacceptability
Fresh sample 8.71±0.31 8.51±0.25 8.86±0.19 8.62±0.13 8.82±0.23
Hot air drying at 60 °C
Untreated 7.33±0.15 8.02±0.13 7.16±0.23 7.04±0.57 7.34±0.27
Salt-treated 7.43±0.35 7.84±0.22 6.74±0.26 6.82±0.37 7.13±0.19
Sulphited 7.72±0.29 7.73±0.39 6.82±0.31 6.84±0.15 7.52±0.34
Heat pump drying at 50 °C
Untreated 8.21±0.17 8.41±0.19 7.51±0.32 7.21±0.37 7.73±0.51
Salt-treated 8.34±0.45 8.28±0.12 7.14±0.35 6.92±0.23 7.51±0.36
Sulphited 8.53±0.39 8.13±0.23 7.26±0.25 7.04±0.16 8.02±0.34
Microwave-assisted drying at 240 W and 50 °C
Untreated 6.82±0.31 8.04±0.15 7.25±0.25 7.36±0.13 7.42±0.29
Salt-treated 6.91±0.12 7.86±0.17 6.91±0.33 7.25±0.16 7.24±0.27
Sulphited 7.14±0.34 7.64±0.24 7.03±0.34 7.11±0.21 7.63±0.34
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vective drier at 50 °C followed by that of microwave-as-
sisted convective drying at 240 W and 50 °C and hot air 
convective drying at 60 °C. The onion shreds pretreated 
with potassium metabisulphite retained be er colour of 
the dried product irrespective of the drying method. 
However, in-depth study of these processes is required 
before commercialization of onion-based food processing 
industry.
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